Prior research indicates that infants with absent fathers are vulnerable to unfavorable fetal birth outcomes. HIV is a recognized risk factor for adverse birth outcomes. However, the influence of paternal involvement on fetal morbidity outcomes in women with HIV remains poorly understood. Using linked hospital discharge data and vital statistics records for the state of Florida (1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007), the authors assessed the association between paternal involvement and fetal growth outcomes (i.e., low birth weight [LBW], very low birth weight [VLBW], preterm birth [PTB], very preterm birth [VPTB], and small for gestational age [SGA]) among HIV-positive mothers (N = 4,719). Propensity score matching was used to match cases (absent fathers) to controls (fathers involved). Conditional logistic regression was employed to generate adjusted odds ratios (OR). Mothers of infants with absent fathers were more likely to be Black, younger (<35 years old), and unmarried with at least a high school education (p < .01). They were also more likely to have a history of drug (p < .01) and alcohol (p = .02) abuse. These differences disappeared after propensity score matching. Infants of HIV-positive mothers with absent paternal involvement during pregnancy had elevated risks for adverse fetal outcomes (LBW: OR = 1.30, 95% confidence interval [CI] = 1.05-1.60; VLBW: OR = 1.72, 95% CI = 1.05-2.82; PTB: OR = 1.38, 95% CI = 1.13-1.69; VPTB: OR = 1.81, 95% CI = 1.13-2.90). Absence of fathers increases the likelihood of adverse fetal morbidity outcomes in women with HIV infection. These findings underscore the importance of paternal involvement during pregnancy, especially as an important component of programs for prevention of mother-to-child transmission of HIV.
Introduction
While the overall HIV/AIDS epidemic in the United States and Florida has experienced significant decline, the prevalence and incidence rates of HIV/AIDS among women have escalated, particularly among racial/ethnic minorities. From 1987 to 2010, the proportion of all AIDS cases among women in Florida rose from 11% to 32% (Florida Department of Health; Bureau of HIV/ AIDS, 2010b). Minority women in Florida have significantly higher AIDS case rates compared with White women (Florida Department of Health; Bureau of HIV/ AIDS, 2008). Among pregnant women, a recent trend analysis found that HIV/AIDS rates decreased by about 15% between 1998 and 2007 . Similarly, a racial/ethnic disparity was observed, with Black and Latino mothers experiencing HIV/AIDS rates 11 times and 2 times higher than White mothers, respectively .
Perinatal transmission of HIV in Florida has decreased by 94% from 1993 to 2009 (Florida Department of Health; Bureau of HIV/AIDs, 2010a). Much of this improvement is attributed to national guidelines that were established regarding the provision of antiretroviral treatment of HIVpositive mothers (Florida Department of Health; Bureau of HIV/AIDs, 2010a). Additionally, in 1996, the Florida legislature mandated the offering of HIV testing to pregnant women (Florida Department of Health; Bureau of HIV/AIDs, 2010a; Florida Senate; Committee on Health Policy, 2007) . In 2005, this law was amended to add HIV testing to routine prenatal care with an opt-out option, which allowed women to decline testing (Florida Senate; Committee on Health Policy, 2007) .
Prior research has documented the association between maternal HIV status and an increased likelihood of multiple adverse birth outcomes, including low birth weight (LBW; Bodkin, Klopper, & Langley, 2006; Ickovics et al., 2000; Lambert et al., 2000; Leroy et al., 1998) , preterm birth (PTB; Lambert et al., 2000; Marazzi et al., 2011) , small for gestational age (SGA; Ndirangu, Newell, Bland, & Thorne, 2012) , and intrauterine growth retardation (IUGR; Bodkin et al., 2006) . Studies have also investigated the role of antiretroviral therapy on fetal growth outcomes among women treated for HIV during pregnancy; however, there has been no clear consensus on their effect of fetal growth (Briand et al., 2009; Haeri et al., 2009; Hernandez et al., 2012; Rudin et al., 2011) . A specific group of antiretrovirals (nonnucleoside reverse transcriptase inhibitors, e.g., efavirenz) are known to be potentially teratogenic (Hernandez et al., 2012; Knapp et al., 2012) .
The scientific literature is replete with studies of the impact of paternal involvement on feto-infant morbidities. Ngui and colleagues reported that infants born in Milwaukee, Wisconsin, with no father recorded on the birth certificate and those whose paternity was courtdetermined faced the highest risk of PTB and LBW across all racial/ethnic groups (Ngui, Cortright, & Blair, 2009) . Similarly, researchers have previously reported an association between lack of father identification on birth certificates and heightened PTB and LBW in Florida (Alio, Kornosky, Mbah, Marty, & Salihu, 2010) . Additionally, a study conducted in Georgia reported a higher risk for infant death when the father was not named on the birth certificate (Gaudino, Jenkins, & Rochat, 1999) . This elevated risk persisted after adjustment for confounders generally predictive of infant mortality, including LBW, adequacy of prenatal care, congenital anomalies, tobacco use, maternal age, gestational age, and pregnancy complications (Gaudino et al., 1999) . Ickovics et al. (2000) identified that in women with or at high risk for HIV and those who did not live with their partners were more than twice as likely to have infants with LBW. A racial disparity was observed, with Blacks having higher LBW rates compared with Whites (Ickovics et al., 2000) . Despite the potential relationship between paternal involvement and maternal HIV status and their joint impact on birth outcomes, few studies have investigated the confluence of these factors. The current study was conducted to address these issues based on the following hypotheses.
1. Hypothesis 1: HIV-positive women with absent fathers during pregnancy are at elevated risk for adverse birth outcomes. 2. Hypothesis 2: Given the known racial disparity in both HIV prevalence and adverse birth outcomes, the relationship between absent fathers and adverse birth outcomes among HIV-positive mothers will be more pronounced among Blacks.
Method
A population-based retrospective cohort analysis using the Florida hospital discharge data linked to vital records for the years 1998 through 2007 was performed. The Hospital Inpatient Discharge (HID) data were obtained from the Florida Agency for Health Care Administration, while the vital records were acquired from the Florida Department of Health. The linked data set contained only singleton live births, as listed on both the hospital discharge data and the vital records. The linkage of the two data sources resulted in a 97.6% success rate, which has been internally validated (Salemi et al., 2013) . The data linkage process used the hospital discharge record as the master files that formed the initial template for linkage with the vital records. The procedure involved a stepwise deterministic approach that identified and linked maternal-infant dyad records in a longitudinal fashion from birth to 1 year postdelivery or until infant death.
In this analysis, only mothers who were HIV-positive, as determined by the HID data, were included. Deliveries with no birth weight record and births at less than 20 weeks or greater than 44 weeks of gestation were excluded. Subjects with missing values in one or more of the sociodemographic variables or selected pregnancy complications were omitted from the final analyses. After applying exclusion criteria for the study, the study population totaled 4,719. The population was divided into two groups based on paternal involvement, as indicated by the identification of a father in the vital records data. The exposed group, denoting paternal involvement, consisted of 3,167 records, whereas the unexposed comparison group was composed of 1,552 records.
HID data provided diagnoses for maternal HIV status and pregnancy complications, identified using codes from the International Classification of Diseases, 9th Edition (ICD-9). These codes were used to identify all cases of HIV/AIDS (ICD-9 codes: V08, 042-044, 079.53); anemia 281, 282, 283, 284, 285, 648 .2); gestational diabetes (ICD-9 codes: 648.8); diabetes mellitus (ICD-9 codes: 250, 648.0); pregnancy-induced hypertension (ICD-9 codes: 642.3, 642.7, 642.9); hypertension complicating pregnancy (ICD-9 codes: 642); preexisting hypertension (ICD-9 codes: 401, 642.0, 6421, 642.2, 642.7); preeclampsia (ICD-9 codes: 642.4, 642.5); eclampsia (ICD-9 codes: 642.6); placenta abruption (ICD-9 codes: 641.2, 762.1); placenta accreta (ICD-9 codes: 666.0, 667.0); and placenta previa (ICD-9 codes: 641.0, 641.1, 762.0). Alcohol abuse was also determined using the following ICD-9 codes: acute alcohol intoxication (303.00-03); alcohol dependence (303.90-93); nondependent alcohol abuse, such as "binge drinking" (305.00-03); alcohol-induced mental disorders (291.0-5, 9; 291.81-82, 89) ; and alcohol affecting the fetus or newborn via placenta or breast milk (760.71). ICD-9 codes signifying drug dependence complicating pregnancy, childbirth, or the puerperium or postdelivery period (648.30-648.34) were used to determine drug abuse.
The vital records data provided sociodemographic information and infant characteristics (i.e., gestational age, birth weight, infant gender). Race/ethnicity was categorized into four groups: non-Hispanic Black (Black), non-Hispanic White (White), Hispanic, and other. Education was classified as those with at least a high school degree (≥12 years) and those without a high school degree (<12 years); individuals with missing information regarding educational status were grouped in the latter category (<12 years). Age was dichotomized into <35 years and ≥35 years. Maternal marital status was grouped as either married or unmarried, with all persons divorced, widowed, or of unknown marital status classified as unmarried. Parity was grouped as either nulliparous or parous. Adequacy of prenatal care was assessed using the Revised-Graduated Index of prenatal care utilization, which assesses the adequacy of care on the basis of the trimester that prenatal care began, the number of visits, and the gestational age of infant at birth (Alexander & Kotelchuck, 1996) . In this study, inadequate prenatal care utilization refers to women who had missing prenatal care information, had prenatal care but the level was considered suboptimal, or mothers who had no prenatal care at all. Smoking status among mothers was determined using the variable in the vital records.
The main outcomes of interest in this study were fetoinfant morbidity outcomes, including LBW, very low birth weight (VLBW), PTB, very preterm birth, and SGA. LBW was defined as infants weighing below 2,500 grams at birth; VLBW infants weighed below 1,500 grams at birth; PTB was defined as any birth before 37 completed weeks of gestation; VPTB were births before 32 completed weeks of gestation; and SGA was defined as infants weighing below the 10th percentile of birth weight for their gestational age using normalized growth curves (Alexander, Kogan, Martin, & Papiernik, 1998) . Gestational age was primarily based on the interval between the last menstrual period and the date of delivery of the baby (95% of cases). When the menstrual estimate of gestational age was inconsistent with the birth weight (e.g., VLBW at term), a clinical estimate of gestational age on the vital records was used instead (Taffel, Johnson, & Heuser, 1982) .
Statistical Analysis
The chi-square test was used to compare crude frequencies with respect to sociodemographic characteristics and pregnancy complications between the exposed and unexposed groups. Because the baseline demographics and pregnancy-related clinical conditions of women who experienced pregnancies with paternal involvement (exposed) differed from those without paternal involvement (unexposed), we used a 1:1 propensity score matching approach to adjust for these differences. The propensity score matching technique balances the observed covariates that might potentially impact the consequence of exposure by weighting subjects in either group with a single composite measure computed from all measured covariates (Austin, 2008) . Sociodemographic variables and pregnancy-related clinical conditions before and after propensity score matching are presented in Tables 1 and 2, respectively.
To address bias that could result from the nonindependent nature of the matched data, the Generalized Estimating Equations method was used to compute adjusted odds ratios (AORs) and 95% confidence intervals (CIs) for our outcomes (Austin, 2008) . After propensity score matching, AORs were derived by loading all the variables that were considered to be potential confounders into the model (i.e., maternal age, parity, race, smoking, education, marital status, adequacy of prenatal care, anemia, gestational diabetes, diabetes mellitus, pregnancy-induced hypertension, hypertension complicating pregnancy childbirth and the puerperium, preexisting hypertension, preeclampsia, eclampsia, placental abruption, placenta accreta, previa, alcohol abuse, and drug abuse). All tests were two tailed with a Type 1 error rate fixed at 5%. Statistical analyses were conducted in SAS (Version 9.2; SAS Institute, Inc, Cary, NC). This study was approved by the institutional review board at the University of South Florida.
Results
The crude rates of maternal sociodemographic factors among HIV-positive mothers in Florida are presented in Table 1 . Before propensity score matching, HIV-positive women who gave birth with an absent father were more likely to be younger, Black, unmarried, to smoke cigarettes, use illicit drugs/alcohol, and to have adequate prenatal care and at least a high school education compared with those who identified a birth father. After propensity score matching, these demographic differences between exposed and unexposed groups were attenuated.
A comparison of selected pregnancy complications within the study population is presented in Table 2 . Before propensity score matching, complications were generally similar among HIV-positive mothers, regardless of paternal involvement. Mothers with absent fathers/ partners were more than 2.5 times as likely to abuse alcohol and drugs. Additionally, mothers with an absent father/partner were 20% more likely to have anemia, whereas those with involved fathers/partners were more than twice as likely to have gestational diabetes. Following propensity score matching, differences in pregnancy-related complications between the two groups became less evident.
The incidence of adverse feto-infant morbidity outcomes associated with absent fathers are shown in Figure 1 , while the estimated risks are presented in Table 3 . Overall, HIV-positive mothers with absent fathers had higher odds of experiencing adverse birth outcomes, with higher estimates noted for the more severe outcomes. HIV-positive mothers with uninvolved fathers were 87% more likely to have a VLBW infant (AOR = 1.87, 95% CI = 1.14-3.05), 47% more likely to have a PTB (AOR = 1.47, 95% CI = 1.20-1.80), and 80% more likely to have a very preterm delivery (AOR = 1.80, 95% CI = 1.13-2.84) than their counterparts with involved fathers. There were no differences between groups in the occurrence of LBW and SGA. The difference in risk of VLBW, PTB, and VPTB between the two groups was replicated among Black women, but not among women of White or Hispanic race/ ethnicity (Table 4 ).
Discussion
The findings in this study suggest that a lack of paternal involvement was associated with increased risk of adverse birth outcomes in HIV-positive mothers, specifically very low birth weight, preterm delivery, and very preterm delivery. These findings are not surprising. It is widely recognized that fathers play an important role in pregnancy and childbirth, providing psychological and material support to the mother during the prenatal period and beyond. There is a consistent association between paternal involvement and positive health-seeking behaviors in pregnancy, such as accessing prenatal care in the first trimester and reduced tobacco and alcohol consumption (Martin, McNamara, Milot, Halle, & Hair, 2007; Teitler, 2001) . HIV studies also document an association between paternal involvement in pregnancy and optimum outcomes related to infant feeding, clinic utilization, and increased adherence to treatment services (Cames et al., 2010; Montgomery et al., 2011) . .80 (1.13-2 .84) SGA (n = 579) 1 1.04 (0.87-1.24)
Note. AOR = adjusted odds ratio; 95% CI = 95% confidence intervals; LBW = low birth weight; VLBW = very low birth weight; PTB = preterm birth; VPTB = very preterm birth; SGA = small for gestational age. a. Significant findings are in bold font. b. Estimates were matched by the following maternal characteristics and pregnancy-related complications: maternal age, parity, race, smoking, education, marital status, adequacy of prenatal care, anemia, gestational diabetes, placenta accreta, diabetes mellitus, pregnancy-induced hypertension, hypertension complicating pregnancy, preexisting hypertension, preeclampsia, eclampsia, placental abruption, placenta previa, alcohol abuse, and drug abuse.
Male partner involvement is a priority area for programs for prevention of mother to child transmission (PMTCT). Male participation in antenatal care with couple counseling and testing for HIV increases PMTCT uptake and adherence (Farquhar et al., 2004; Painter, 2001; Semrau et al., 2005) , facilitates communication about HIV status between couples, strengthens adoption of safe sexual behavior (Mbonye, Hansen, Wamono, & Magnussen, 2010) , and reduces HIV-1 transmission in serodiscordant relationships (Allen et al., 1992; Allen et al., 2003; Bunnell et al., 2005) . Our findings provide evidence of additional advantages conferred by paternal involvement during pregnancy beyond the documented benefits on HIV transmission outcomes.
After subgroup analysis, it was identified that lack of paternal involvement remained a significant predictor of adverse fetal growth outcomes in Black mothers, but not in White and Hispanic women. It has been previously reported in a non-HIV study population that the impact of paternal non-involvement on fetal morbidity is more pronounced among Black women than White or Hispanic mothers . However, because the overwhelming majority of the study population in this study (81%) comprised Black women, the authors believe that the difference in outcomes by race/ethnicity reported here is more likely an indication of inadequate power/small sample size among Whites/Hispanics than a true disparity in outcomes by race/ethnicity. A mechanism by which paternal involvement may improve birth outcomes is via reduction of stress and provision of social support. Preterm delivery is consistently associated with maternal stress (Copper et al., 1996; Giscombe & Lobel, 2005; Hobel, Goldstein, & Barrett, 2008; Sable & Wilkinson, 2000) . Stress may instigate PTB and associated LBW through activation of the neuroendocrine system, stimulation of the inflammatory response, and increased susceptibility to infection (Wadhwa et al., 2001) . In addition to its direct biological effect, stress can also encourage poor coping behaviors, such as substance abuse and poor diet (Kramer et al., 2001) , which are risk factors for PTB and LBW. Paternal involvement may reduce the prevalence of these risk factors. A recent case-control study provides evidence that paternal support may moderate the effects of chronic stress on the risk of preterm delivery.
Some studies have documented a positive influence on birth outcomes due to social support from peers, other community members, and intimate partners, although the results are not conclusive (Elsenbruch et al., 2007; Ghosh, Wilhelm, Dunkel-Schetter, Lombardi, & Ritz, 2010) . As fathers have greater involvement with their pregnant partners, they may have more opportunities to provide social support that can ameliorate the effects of stress during pregnancy. These potentially beneficial effects of paternal involvement are particularly important for women living with HIV/AIDS, who face the physiological and psychological stressors associated with living with a chronic infectious disease.
A major strength of this study is the population-based design, which increases the generalizability of the findings. In addition, the use of appropriate analytic approaches (propensity score matching and generalized estimating equations) reduces the likelihood of bias associated with potential confounding and nonindependence in our data, thereby improving the validity of the report. This study is not without limitations. An important drawback is the measurement of the construct of paternal involvement. Lack of father's name on the birth certificate indicates absence of the father (Gaudino et al., 1999) ; however, there are many gradations of the parental relationship that are not captured by the dichotomous variable of father listed on the birth certificate. These nuances of the extent to which fathers are involved are not captured in vital statistics data. In addition, sociocontextual factors that could explain the lack of documentation of .71 (1.07-12.9) Note. AOR = adjusted odds ratio; 95% CI = 95% confidence intervals; LBW = low birth weight; VLBW = very low birth weight; PTB = preterm birth; VPTB = very preterm birth; SGA = small for gestational age. a. Significant findings are in bold font. b. Estimates were matched by the following maternal characteristics and pregnancy-related complications: maternal age, parity, smoking, education, marital status, adequacy of prenatal care, anemia, gestational diabetes, placenta accreta, diabetes mellitus, pregnancy-induced hypertension, hypertension complicating pregnancy, preexisting hypertension, preeclampsia, eclampsia, placental abruption, placenta previa, alcohol abuse, and drug abuse.
the father's name on the birth certificate, for example, financial considerations, partner conflict, custody issues, incarcerated partner, and so on, are not captured by the data. The authors are therefore unable to comment on how these levels of paternal involvement and underlying social correlates affect the study findings. On the other hand, associations observed would likely have been stronger had all fathers whose name was on the birth certificate been actively involved in pregnancy. The study also does not allow the authors to draw firm conclusions regarding causality, as the absence of father's name on the birth certificate could merely be correlated to adverse birth outcomes, and correlation does not necessarily imply causation.
In summary, an association between lack of paternal involvement and the risk of very low birth weight and preterm and very preterm delivery in a large cohort of HIV-positive mothers in Florida is reported. These findings add to the evidence basis of the benefits associated with paternal involvement in pregnancy and suggest a need greater focus on the role of fathers in policies and programs targeting pregnant women and women of childbearing age living with HIV/AIDS. Further research is needed to understand the mechanisms by which paternal involvement mediates the risk factors for low birth weight and preterm delivery in HIV-positive pregnant women. An understanding of these factors will lead to the development of interventions to promote optimal fetal development among infants of HIV-positive mothers.
